Abstract. Using photometric data of infrared surveys, young stellar object (YSO) status is verified for 141 objects selected in our previous papers in the Cassiopeia and Camelopardalis segment of the Milky Way bounded by Galactic coordinates (ℓ, b) = (132-158
INTRODUCTION
In the previous papers in this series, II and III (Straižys & Laugalys 2007b , 2008a , the Camelopardalis segment of the Milky Way, bounded by Galactic coordinates (ℓ, b) = (132-158
• , ± 12 • ), was shown to be an active region of star formation. Apart from Camelopardalis, the area includes also the neighboring regions of Cassiopeia (with H II regions W3, W4 and W5), Perseus and Auriga. Applying infrared photometry from the 2MASS, IRAS and MSX databases, we identified about 190 objects exhibiting photometric properties of young stellar objects (YSOs). In the present paper, these objects will be called as SL objects. In addition, the area contains more than 40 massive stars of the Cam OB1 association and about 20 young lower-mass stars which exhibit emission in Hα or belong to a class of irregular variable stars of types IN and IS (Straižys & Laugalys 2007a, Paper I) . The region contains a high-mass pre-stellar object, AFGL 490, embedded in the densest part of the dust cloud TGU 942 (Dobashi et al. 2005) . According to Zdanavičius et al. (2005) and Straižys & Laugalys (2007a , 2008b , star forming is most active in two layers of dust/molecular clouds at the distances 150-300 pc 2 V. Straižys, A. Kazlauskas and 800-900 pc, which belong to the Gould Belt and the Cam OB1 association, respectively. A large fraction of these objects belong also to the Perseus arm which in this direction is located at a distance of 2.0-2.5 kpc.
In an attempt to verify the YSO status of SL objects, we obtained far-red spectra for 30 brightest objects (Corbally et al. 2008 (Corbally et al. , 2009 Papers IV and V) . All of them exhibited emission in Hα line and some also in Ca II and O I lines, in agreement with their pre-main-sequence status. This was also confirmed by infrared spectral energy distributions (SEDs) where observations by IRAS and MSX missions were available.
In 2007-2010, a few papers describing Spitzer observations in the IRAC passbands and 24 µm MIPS passband in star-forming regions (SFRs) of this area were published. Recently, the first two catalogs based on observations in the middle and far infrared from the Japanese AKARI satellite (Murakami et al. 2007 ) have become available.
1 In the present paper we describe our search of the suspected YSOs in the Spitzer and AKARI data, the construction of their SEDs using the GSC 2, 2MASS, IRAS, MSX, Spitzer and AKARI data, and the estimation of evolutionary stages of the confirmed YSOs.
IDENTIFICATION OF SL OBJECTS IN THE AKARI, SPITZER AND IRAS CATALOGS
The AKARI data released for public use contain two all-sky catalogs: the IRC Point Source Catalog and the FIS Bright Source Catalog. The first one contains the results of photometry of about 871 000 point sources in two mid-infrared passbands with the mean wavelengths 9 µm and 18 µm Ishihara et al. 2010) . The second catalog contains the results of photometry of about 427 000 sources in the far-infrared passbands with the mean wavelengths 65, 90, 140 and 160 µm (Shirahata et al. 2009; Yamamura et al. 2010) .
In the AKARI catalogs, we identified 104 SL objects by comparing their equatorial coordinates given in the 2MASS and AKARI catalogs. The search radius around the positions of SL objects (taken from 2MASS) was 10 ′′ for the IRC catalog and 1 ′ for the FIS catalog. In most cases, only one AKARI object was present within the above-mentioned radii around the SL objects. 42 objects were found both in the IRC and FIS catalogs, 28 objects only in IRC and 32 objects only in FIS. Fluxes are available not in all passbands of the IRC and FIS surveys; only reliable fluxes with the quality flag 3 were taken.
The IRAS objects were identified through a search in a 2 ′ radius circle around the SL/2MASS objects using the Vizier facility of the CDS. In some cases the IRAS and 2MASS objects can be different. Such cases will be discussed in Section 4. Table 1 gives the identifications of SL objects in the 2MASS, IRAS and AKARI IRC and FIS catalogs. The angular distances of the IRAS and AKARI objects from the 2MASS positions are also given.
The Spitzer data for SL objects were taken from the following sources: Gutermuth et al. (2009) for 11 objects in the AFGL 490 SFR, Ruch et al. (2007) for 5 objects in the W3 SFR, Koenig et al. (2008) for 21 objects in the W5 SFR and Kumar Dewangan & Anandarao (2010) for one object in the AFGL 437 SFR. 
SPECTRAL ENERGY DISTRIBUTIONS
For the identified SL objects a table with reliable fluxes from the 2MASS, IRAS, MSX, Spitzer and AKARI surveys was compiled. The data in the table were supplemented by the photographic red F magnitudes extracted from the GSC 2.3.2 catalog available at the CDS (Lasker et al. 2008) . The IRAS, MSX and AKARI fluxes in Janskys were transformed simply to log λF λ . The F and 2MASS magnitudes were transformed to log λF λ by the equations given in Paper II (p. 341-342), accepting that the magnitudes F = R and using for them the absolute calibration from Straižys (1992) .
The Vega fluxes in Janskys, used in the transformation of the Spitzer magnitudes to fluxes, were taken from Reach et al. (2005) for the IRAC data and from Rieke et al. (2008) for the 24 µm MIPS data:
The resulting values of log λF λ for 141 SL objects are given in Tables 2 and 3 : the first one contains 127 objects for which the data from IRAS, MSX or AKARI surveys are available, and the second one contains 37 objects identified in the Spitzer catalogs. At the end of Table 2 the data for nine known YSOs in the same area, discussed in Papers I and IV, are added. The plots of log λF λ vs. log λ for the 141 SL objects and nine known YSOs are shown in Figure 1 .
The traditional classification scheme of YSOs (Lada 1987 ) is based on their SEDs longward of 2 µm. The spectral index
for Class I objects is positive, for Class II objects it is close to zero or slightly negative and for Class III objects it is negative. Evolutionary interpretation of SEDs has been given by Whitney et al. (2003a Whitney et al. ( ,b, 2004 and Robitaille et al. (2006 Robitaille et al. ( , 2007 using tens of thousands of YSO models with disks and envelopes. Examination of our log λF λ vs. log λ plots indicates that SEDs longward of 2 µm for 45% of the objects show increase in intensity, for 41% of the objects SEDs remain more or less at the same level and for 14% of the objects SEDs exhibit a tendency to decrease. If all of these objects were YSOs, then we should conclude that the majority of them are young stars either embedded into dense gas and dust envelopes which reradiate energy of the central source (Class I) or have optically thick disks and possible remains of tenuous infalling envelopes (Class II, T Tauri and Herbig Ae/Be stars). Only a small fraction of the objects with the SEDs with a negative spectral index should belong to Stage III (or post T Tauritype) objects with thin disks and weak emission lines. These objects hardly can be normal heavily reddened stars since SEDs of such stars exhibit much steeper negative slope (see Paper II, Figure 5 ). -11.514 -11.188 -11.185 -11.387 -11.505 -11.682 -11.896 -12.309 146 -12.445 -10.970 -10.692 -10.725 -10.855 -11.009 -11.170 -11.224 -11.245 147 --11.290 -10.928 -10.929 -11.035 -11.105 -11.210 -11.296 -11.845 148 -12.593 -11.242 -10.972 -11.001 -11.107 -11.241 -11.374 -11.380 -11.469 149 --11.582 -11.260 -11.285 -11.523 -11.625 -11.798 -11.976 - However, SEDs of dusty spiral galaxies in the mid-and far-infrared are quite similar to SEDs of Stage I YSOs (Devriendt et al. 1999; Dale & Helou 2002; Sajina et al. 2006 ). This is especially true for heavily reddened and redshifted galaxies. Their identification applying the SEDs with only a few infrared photometric points is quite problematic -high resolution optical imaging and infrared spectroscopy are essential (see Luhmann et al. 2006; Rebull et al. 2010) .
A few galaxies in our region, identified via the Simbad database, were excluded during the compilation of lists of possible YSOs in Papers II an III. Now we checked for galaxies and extended infrared objects in the 2MASX Database (Skrutskie et al. 2006) , NASA/IPAC Extragalactic Database NED (2010) and the Sloan Digital Sky Survey (SDSS) 7th data release (Abazajian et al. 2009 ). Also, the objects were inspected in the blue, red and infrared images of DSS2 given in the Internet's Virtual Telescope SkyView. The results are described in the following section. According to Pollo et al. (2010) , stars and galaxies can be separated using some flux vs. color and color vs. color diagrams constructed only from the AKARI FIS fluxes. However, their method cannot be applied in our case since for most of the SL objects reliable fluxes are available not in all FIS passbands.
A part of the extended objects discovered by infrared imaging may be so-called ultracompact H II regions, the newly born massive stars hidden in dense dust cocoons (Churchwell 2002) . SEDs of these objects rise steeply with increasing λ and have their intensity maxima at 100 µm.
In Figure 2 we show the J-H vs. H-K s diagram for SL objects from Table 1 : dots denote YSOs without extended sources, circles denote 19 YSOs with a nearby extended infrared source and crosses denote 14 YSOs with a nearby galaxy. It is evident that all the three types of YSOs do not show significant differences in their location. This means that either the radiation from the extended sources is relatively faint shortward of 2.5 µm or its effect is similar to that of the interstellar and circumstellar reddening. The concentration of points at H-K s = 1.0 is the selection effect originating from a search for YSOs in Paper II.
DISCUSSION
In this section we describe SEDs of the SL objects belonging to different starforming regions or dust/molecular clouds. Fig. 2 . The J-H vs. H-Ks diagram for the verified YSOs. Dots denote objects without extended sources, circles denote objects with nearby extended infrared sources and crosses denote objects with nearby galaxies. The black and grey curves denote the main sequence and G8-K-M giants, respectively.
Objects in W3A (IC 1795) and the dust cloud TGU 879
This group contains the following SL objects: 7, 9, 10, 11, 13, 15, 16, 18, 20, 21, 23, 25, 27, 30, 31, 34, 35, 36, 37, 38, 39 . Most of these are located in the W3A (IC 1795) H II region, some are seen in the direction of the dust cloud TGU 879 located south of it. Both the H II region and the dust cloud belong to the Perseus arm (see Paper II). Some of these objects were discovered as YSOs and discussed by Elmegreen (1980) , Kerton et al. (2001) and Kerton & Brunt (2003) . Most of these objects exhibit SEDs typical for Class I YSOs. The objects SL 15, 20, 21 and 31 may belong to Class II and SL 18, 30, 34 and, possibly, 37 to Class III. The data for the object AKARI-FIS-V1 J0224555+620941, located at 25.6
′′ from SL 18, contradict the Spitzer data and may belong to a different object. A similar situation is with the object AKARI-FIS-V1 J0227184+620030 at 26.8
′′ from SL 37. The SEDs of some of the objects are extremely steep (SL 23, 25, 27, 35 and 36) . This should be an indication of heavy interstellar and circumstellar reddening which makes the magnitudes F , J, H and K s very faint. This conclusion is also supported by the absence of F magnitudes for these stars in the DSS2 survey (they are fainter than 20.5 mag). Two of the objects, SL 21 and SL 37, were confirmed as YSOs in Paper IV, their spectral types are G0e and 28 V. Straižys, A. Kazlauskas A5e. According to 2MASX, the object SL 10 at a distance of 0.2 ′ has a galaxy. Two extended 2MASX objects are located at SL 23 (0.7 ′ ) and at SL 37 (0.4 ′ ).
4.2. Objects in the dust cloud TGU 878 near SU Cas Six SL objects (Nos. 3, 4, 5, 6, 8 and 14) are located in the dust cloud TGU 878 at ℓ ≈ 132.5
• , b ≈ +9
• , belonging to the Cam OB1 association located at a distance of 900 pc. The same cloud contains the cepheid SU Cas. The SEDs of the suspected YSOs are of Classes I and II. The object SL 8 = IRAS 02470+6901 according to NED may be a galaxy.
Objects in W4
Five SL objects, Nos. 40, 41, 43, 44 and 48 , are projected on the W4 H II region of the Perseus arm. However, SL 40, according to 2MASX, can be a galaxy centered at 0.3 ′ . SL 44 = IRAS 02245+6115 at 0.2 ′ and SL 48 = IRAS 02327+6019 at 0.4 ′ have extended 2MASX sources which might be related to the infrared clusters identified by Bica et al. (2003a) .
Objects near W5
This group is located in the dust clouds TGU 879 and TGU 912 along the northern edge of the W5 nebula and contains 22 SL objects from Figure 1 : 50, 51, 52, 53, 54, 55, 56, 57, 59, 60, 61, 62, 63, 64, 65, 66, 69, 70, 71, 72, 74 and 75 . Some of these objects were identified by Carpenter et al. (2000) , Kerton & Brunt (2003) , Karr & Martin (2003a,b) , Bica et al. (2003a,b) . The SEDs of these objects are consistent with YSOs of Classes I and II. The objects SL 55, 56, 57, 60, 63, 64, 66, 69, 70, 71 and 72 have extended counterparts at distances 0.2 ′ to 1 ′ listed in 2MASX. Two of them, counterparts of SL 57 and 60, are galaxies. For the object SL 64, the Spitzer and IRAS/AKARI data are in disagreement. The star SL 63 is a known pre-main-sequence variable, LW Cas, of type INA and spectral class A0. In Paper IV the object SL 75 was investigated spectroscopically and recognized as a T Tauri type star of spectral class G0e with strong emissions in Hα, O I and Ca II lines. One more YSO, KW97 14-24, which is also located near the edge of W5, was investigated in Paper IV and found to be of spectral class G5e with Hα of EW = -20.6Å. Nakano et al. (2008) for this star find a similar value, EW = -19.4Å. The SED curve of this object is shown in Figure 1 (page 25).
Objects in LBN 140.07+1.64
Five SL objects, Nos. 79, 80, 83, 84 and 86 , are located in the direction of the faint nebula LBN 140.07+1.64 in the Perseus arm, south of Sh 2-202 which is much closer to the Sun. The object SL 80 is known as one of YSOs in the infrared cluster AFGL 437. Other objects were identified by Kerton & Brunt (2003) , Karr & Martin (2003a,b) and Bica et al. (2003a) . If these objects are premain-sequence stars, their SEDs agree with Class II. The spectrum of SL 79 gives spectral type G0e, with strong emissions in Hα, O I and Ca II (Paper IV). The emission in Hα was also found in the IPHAS survey (Witham et al. 2008) . SL 80 = AFGL 437S was classified as an object of Class I based on the Spitzer/IRAC data (Kumar Dewangan & Anandarao 2010). The SED of SL 80 in Figure 1 shows some disagreement between the 2MASS + Spitzer and AKARI data. Probably the AKARI data are affected by other members of the AFGL 437 cluster.
Objects in Sh 2-202
The faint nebula Sh 2-202, belonging to the Cam OB1 SFR, overlaps several smaller emission features in the Perseus arm (Karr & Martin 2003a) . In this direction, two our objects, SL 81 and SL 82, are seen. The spectrum of SL 82 gives the spectral type G5e, with strong emission in Hα (Paper IV). The object is also known as IRAS 03134+5958 and CPM 7 (Campbell et al. 1989 ). The object is included in the catalog of emission-line stars of the Orion population by Herbig & Bell (1988) . The SED of this object is rather peculiar. Figure 1 , was found to be a Hα emission star in the IPHAS survey. According to 2MASX, the object SL 94 has an extended infrared source at a distance of 0.4 ′ . The group of 17 objects with H-K s between 0.75 and 1.00, SL numbers between 143 and 174. The objects SL 143, 155, 160, 163, 169, 172 and 174 belong to Class I, SL 146, 148, 158, 159, 162, 165 to Class II, and SL 145, 147, 149, 171 to Class III. For SL 148, the data from Spitzer and AKARI are in obvious contradiction. Probably the 2MASS+Spitzer object and the AKARI object, separated by 28 ′′ , are different objects. The objects SL 158 (A0e), SL 163 (F:e) and SL 165 (G5e) were investigated spectroscopically (Papers IV and V). The spectra of two more stars of this group, SL 144 (G0e) and SL 153 (F0e), were obtained (Paper V), but no infrared data for these objects are available. In SL 161, Hα emission was found by the IPHAS survey. For the objects SL 169 and SL 174, the identification with the IRAS sources is doubtful (> 1 ′ ). According to 2MASX, a small galaxy is located at 0.4 ′ from SL 172. The group of 13 objects with H-K s between 0.50 and 0.75, SL numbers between 175 and 187. The objects SL 177, 178, 179, 181, 182, 185, 186 and 187 belong to Class I. The objects SL 175, 176, 180, 183 and 184 belong to Class II. In Paper V the spectra for the following objects were investigated: SL 175 (F0e), SL 176 (G0e), SL 177 (A2e), SL 183 (A2e), SL 184 (F:e). In SL 177, Hα emission was found by the IPHAS survey. For the objects SL 175 and SL 185, the IRAS identification is doubtful (> 1 ′ ).
4.8. Objects in the remaining part of the dust cloud TGU 942 Figure 1 contains eight more objects in the TGU 942 cloud scattered over nearly • along the Galactic longitude. Most of these objects are projected on the molecular clouds of the Perseus arm (see Paper II). Four SL objects (104, 105, 106 and 108) are located in the faint emission nebula Sh 2-203 and belong to the infrared cluster BDSB 59 (Bica et al. 2003b ). The SEDs of three of these objects are shown in Figure 1 . According to the 2MASX catalog, SL 106 is only by 0.4
′ from a galaxy. The object SL 109 is the well-known Class I YSO CPM 8 (Campbell et al. 1989 ). The remaining four objects, SL 110, 111, 112 and 113 are likely to be YSOs of Class II.
Objects in the vicinity of the Sh 2-205 emission nebula
Four SL objects are located close to the H II region Sh 2-205. The SEDs of two of them, SL 115 and SL 116, are shown in Figure 1 : both seem to be of Class II. Probably the stars belong to the infrared cluster FSR 655 (Froebrich et al. 2007) . Hα emission in SL 116 was found in the IPHAS survey. In the same area, eight emission-line stars discovered by G. Gahm and investigated spectroscopically in Papers IV and V are located. The SED of one of them, Gahm 21 (spectral type Ke), is shown in Figure 1 (p. 26), admitting that IRAS 03561+5123 with the position 33
′′ away is the same object. Other Gahm objects are absent in the IRAS, MSX and AKARI databases.
Objects within the dust circle centered on the open cluster NGC 1528
In Paper I, a circle of dust clouds with a diameter of ∼ 8
close to the open cluster NGC 1528, was described. Within this circle, Paper II lists 20 SL objects (from SL 118 to SL 137) but only 15 of these have SEDs shown in Figure 1 . The objects SL 126, 129, 133, 135 and 137 belong to Class I, objects SL 118, 120, 121, 124, 125, 130, 131 and 134 to Class II and objects SL 123 and 132 to class III. The best known YSO is SL 130 = CPM 12 in the nebula Sh 2-209 (Campbell et al. 1989) . Objects SL 123, 129 and 130 may be related to the infrared clusters BDSB 61 and BDSB 65 (Bica et al. 2003b) . SL 124 is known as a T Tauri type star (GLMP 49, García-Lario et al. 1997) . Objects SL 126 and 137 may be overlapped by images of the nearby galaxies.
Four SL objects, 138, 140, 141 and 142, are located at the extension of dust clouds of the afore-mentioned circle, close to the dust clouds TGU 1045 and TGU 1056. The first three objects exhibit SEDs of Class I and SL 142 of Class III. CO radial velocities show that the object SL 140 belongs to the Perseus arm (Wouterloot & Brand 1989) .
4.11. Other objects SL 1 = IRAS 02081+6225. According to the NED and 2MASX databases this object is a galaxy.
SL 49 = IRAS 02475+6156. By infrared imaging Iwata et al. (1997) find this object to be a possible galaxy. SL 58. Extended source in the DSS2 blue, red and infrared images; a possible galaxy.
SL 68 = IRAS 03074+6211. Extended or binary source in DSS2 blue, red and infrared images.
SL 77 and 78. These two objects, separated by 3.2 ′ , are located in the direction of the dark cloud TGU 931 which belongs to dust layer of the Cam OB1 association. SL 77 = 2MASS J02512410+5542038 can be related to IRAS 02476+5529 at 72 ′′ or AKARI-FIS-V1 J0251208+554217 at 31 ′′ . In the IPHAS survey it is recognized as a Hα emission star. The object SL 78 = 2MASS J02514696+5542014 was classified as F5e in Paper IV. If it is related to the object AKARI-FIS-V1 J0251409+554223 at a distance of 56 ′′ , the YSO should belong to Class II. SL 85 = 2MASS J03300237+6125473. The object is seen in the direction free of dark clouds. Another object (2MASS J03300208+6125565) of oblong shape and with similar brightness in the red and near infrared is located at 9 ′′ north. This second object is fainter than SL 85 both in the blue and in the J, H, K s magnitudes. The AKARI-IRC-V1 J0330022+612547 flux at 9 µm is available. The objects may be extragalactic.
SL 87 and SL 88. These two objects of Class I are located in the southern branch of the dark cloud TGU 942 towards the small emission nebula LBN 140.77-1.42 (Karr & Martin 2003a) in the Perseus arm. Hα emission in the spectrum of SL 88 was found by the IPHAS survey.
CONCLUSIONS
In the previous papers in this series (Papers II and III), 187 objects (designated as SL objects) located in the Milky Way between Galactic longitudes 132-158
• and latitudes ± 12
• , were suspected as pre-main-sequence stars or YSOs on the grounds of their 2MASS, IRAS and MSX infrared colors. The Spitzer and AKARI data release gave us the possibility to construct infrared spectral energy distributions for more objects and to verify their evolutionary status. In this study we constructed the SEDs between 0.7 µm and 160 µm for 141 objects of our sample, taking the data from the GSC 2.3.2, 2MASS, IRAS, MSX, Spitzer and AKARI catalogs. The analysis of the SEDs of these objects, combined with their surface distribution, leads to the conclusion that about 45%, 41% and 14% of them can be YSOs of Classes I, II and III, respectively. Most of these objects are heavily reddened by interstellar and circumstellar dust what makes them quite faint in the red and near infrared spectral regions. About 30 of SL objects have extended 2MASX sources within 1 ′ , which can affect photometric measurements of the point-like sources. Such extended sources usually are small ionized regions, clusterings of faint infrared stars or galaxies.
Star-forming dusty galaxies contaminate SEDs of YSOs, rising the intensity at 100 µm due to dust emission. This makes the SED of an YSO similar to that of the Class I object. The presence of a galaxy can be identified either by inspecting optical or near infrared images in the vicinity of YSO or by spectral observations. We identified 13 galaxies in the vicinity of SL objects by inspecting blue, red and infrared images of the DSS2 survey and checking the NED database as well as 2MASX and SDSS catalogs. We cannot exclude that more SEDs remain contaminated by nearby unidentified galaxies.
The concentration of YSOs in close groups, clusters and gas/dust clouds provides an additional statistical criterion for their separation from galaxies. However, the concentration of infrared objects towards dense clouds alone does not mean that we have a group of objects located close to each other in space. As it was shown in Paper III, distant heavily reddened K and M giants also demonstrate a tendency to concentrate in the direction of the densest dust clouds, thus imitating clustering of real YSOs. Therefore, for the identification of embedded groups and clusters of YSOs, photometry in the mid-and far-infrared and spectral observations become essential.
